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PRELIMINARY AMENDMENT 

SIR: 

Prior to initial examination, please amend the application as follows: 
In the Claims : 

Please enter the amended sheets attached to the IPER (attached to this amendment) 
and further amend claims 3, 4, 6, 9, 11, 13, 16, 17, 18, 19, 21, 25, 26, 27, 28, 29, 31, 32, 38, 
40, 43, 45, 46, 49, 50, and 51 as follows: 

3. (Amended) An imaging assembly according to Claim 1, said bias signal 
monitoring means adapted to provide a trigger signal for said bias signal fulfilling a 
predetermined criterion. 



4. (Amended) An imaging assembly according Claim 1, said bias signal monitoring 
means adapted to determine a rate of change for said bias signal. 

6. (Amended) An imaging assembly according to Claim 3, said trigger signal 
initiated responsive to a transgression of a threshold value for said bias signal indicative of a 
start of a radiation exposure or end of a radiation exposure. 



9. (Amended) An imaging assembly according to Claim 3, said trigger signal 
comprising an exposure trigger for said threshold value indicative of said end of radiation 
exposure. 

11. (Amended) An imaging assembly according to Claim 1, said bias signal 
monitoring means comprising: 

means for differentiating a signal representative of said bias signal; 

means for low pass filtering said differentiated signal; and 

a comparator for comparing said low pass filtered signal with a threshold value. 

13. (Amended) An imaging assembly according to Claim 1, said bias signal 
monitoring means adapted to determine accumulated bias signal value representative of 
aggregate radiation incident on said image element detector. 

16. (Amended) An imaging assembly according to Claiml5, said predetermined 
criterion comprising said accumulated bias signal value transgressing a second threshold 
value to provide an end of exposure trigger signal. 

17. (Amended) An imaging assembly according to Claim 16, said bias signal 
monitoring means adapted to subtract an image element quiescent bias signal value from a 
signal representative of said bias signal. 

18. (Amended) An imaging assembly according to Claim 16, said bias signal 
monitoring means comprising: 

means for integrating a signal representative of said bias signal; and 
a comparator for comparing said integrated signal with said first and/or second 
threshold value. 

19. (Amended) An imaging assembly according to Claim 17, said bias signal 
monitoring means further comprising sample and hold circuitry for recording an image 
element quiescent bias signal value, and subtraction means for subtracting said image element 



quiescent bias signal value from said signal representative of said bias signal for forming a 
quiescent bias signal corrected bias signal. 

21. (Amended) An imaging assembly according to Claim 1, said bias signal 
monitoring means adapted to integrate a signal representative of said bias signal and to 
subtract said integrated signal from said signal representative of said bias signal to derive a 
signal representative of radiation incident on said image element detector. 

25. (Amended) An imaging assembly according to Claim 24, said predetermined 
criterion comprising said integrated signal representative of radiation transgressing a second 
threshold value to provide an end of exposure trigger signal. 

26. (Amended) An imaging assembly according to Claim 25, said bias signal 
monitoring means comprising a comparator for comparing said integrated signal 
representative of radiation with said first threshold value and/or said second threshold value. 

27. (Amended) An imaging assembly according to Claiml, said bias signal 
monitoring means adapted to monitor bias signal current. 

28. (Amended) An imaging assembly according to Claim 1, said bias monitoring 
means adapted to monitor bias signal voltage. 

29. (Amended) An imaging assembly according to Claim 1, said image device 
comprising a plurality of detector elements, said bias signal monitored for at least some of 
said image elements. 

3 1 . (Amended) An imaging assembly according to Claim 1, said bias signal 
monitoring means integral with said imaging device. 

32. (Amended) A semiconductor radiation imaging system, comprising: 
a semiconductor imaging assembly according to Claim 1; 



control electronics coupled to said imaging assembly for receiving signals, including 
trigger signals, therefrom; 

signal storage means for storing signals coupled from said control electronics; 

an image processor for processing signals coupled from said control electronics; and 

a display unit for displaying images provided by said image processor. 

38. (Amended) A method according to Claim 36, said rate of change indicative of a 
start of radiation exposure or end of radiation exposure. 

40. (Amended) A method according to Claim 38, said trigger signal comprising an 
end of exposure trigger signal for said rate of change indicative of an end of radiation 
exposure. 

43. (Amended) A method according to Claim 42, said predetermined condition 
comprising said accumulated bias signal transgressing a threshold value. 

45. (Amended) A method according to Claim 43, further comprising initiating an 
exposure trigger signal for said accumulated bias signal transgressing a second threshold 
value. 

46. (Amended) A method according to Claim 41, further comprising: 
determining an image element detector quiescent bias signal value; 
subtracting said image element detector quiescent bias signal value from a signal 

representative of said bias signal; and 

accumulating said bias signal after subtraction of said image element detector 
quiescent bias signal value. 

49. (Amended) A method according to Claim 47, further comprising initiating an 
exposure trigger signal for said integrated signal representative of radiation transgressing a 
second threshold value. 
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50. (Amended) A method according to Claim 34, wherein said step of monitoring 
said bias signal comprises monitoring bias signal current. 

5L (Amended) A method according to Claim 34, wherein said step of monitoring 
said bias signal comprises monitoring bias signal voltage. 

Please delete claims 52-55. 

REMARKS 

Claims 1-51 are pending. By this preliminary amendment, claims 3, 4, 6, 9, 1 1, 13, 
16, 17, 18, 19, 21, 25, 26, 27, 28, 29, 31, 32, 38, 40, 43, 45, 46, 49, 50, and 51 are amended 
and claims 52-55 are deleted. 

Should there be any questions concerning this matter, the applicant is requested to 
contact Applicants' undersigned representative. 

The Office is hereby authorized to charge any additional fees under 37 C.F.R. § 1.16 
or § 1 .17 or credit any overpayment to Deposit Account No. 1 1-0600. 

Respectfully submitted, 

Dated: 26 September 2001 

KENYON & KENYON 
1500 K Street, N.W., Suite 700 
Washington, D.C. 20005 
Tel: (202)220-4200 
Fax: (202)220-4201 




09/937483 

JCG3P.3C'aP!~ r 'T0 2 6 SEP 2001 



"Version With Marking To Show Changes Made" 

Marked-Up Claim 

3. (Amended) An imaging assembly according to [Claims 1 or 2] Claim 1 . said bias 
signal monitoring means adapted to provide a trigger signal for said bias signal fulfilling a 
predetermined criterion. 

4. (Amended) An imaging assembly according [any one of Claims 1 to 4] Claim L 
said bias signal monitoring means adapted to determine a rate of change for said bias signal. 

6. (Amended) An imaging assembly according to [Claim 4 or Claim 5, dependent 
on] Claim 3, said trigger signal initiated responsive to a transgression of a threshold value for 
said bias signal indicative of a start of a radiation exposure or end of a radiation exposure. 

9. (Amended) An imaging assembly according to [any one of Claims 4 to 8, 
dependent on] Claim 3, said trigger signal comprising an exposure trigger for said threshold 
value indicative of said end of radiation exposure. 

1 1 . (Amended) An imaging assembly according to [any preceding] Claim 1, said bias 
signal monitoring means comprising: 

means for differentiating a signal representative of said bias signal; 

means for low pass filtering said differentiated signal; and 

a comparator for comparing said low pass filtered signal with a threshold value. 

13. (Amended) An imaging assembly according to [any one of Claims 1 to 3] Claim 
I ? said bias signal monitoring means adapted to determine accumulated bias signal value 
representative of aggregate radiation incident on said image element detector. 

16. (Amended) An imaging assembly according to Claim [14 or] 15, said 
predetermined criterion comprising said accumulated bias signal value transgressing a second 
threshold value to provide an end of exposure trigger signal. 
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17. (Amended) An imaging assembly according to [any one of Claims 13 to] Claim 
16, said bias signal monitoring means adapted to subtract an image element quiescent bias 
signal value from a signal representative of said bias signal. 

18. (Amended) An imaging assembly according to [any one of Claims 13 to 17] 
Claim 16 , said bias signal monitoring means comprising: 

means for integrating a signal representative of said bias signal; and 
a comparator for comparing said integrated signal with said first and/or second 
threshold value. 

19. (Amended) An imaging assembly according to [Claim 18, when depending on] 
Claim 17, said bias signal monitoring means further comprising sample and hold circuitry for 
recording an image element quiescent bias signal value, and subtraction means for subtracting 
said image element quiescent bias signal value from said signal representative of said bias 
signal for forming a quiescent bias signal corrected bias signal. 

21. (Amended) An imaging assembly according to [any one of Claims 1 to 3] Claim 
L said bias signal monitoring means adapted to integrate a signal representative of said bias 
signal and to subtract said integrated signal from said signal representative of said bias signal 
to derive a signal representative of radiation incident on said image element detector. 

25. (Amended) An imaging assembly according to [Claim 23 or] Claim 24, said 
predetermined criterion comprising said integrated signal representative of radiation 
transgressing a second threshold value to provide an end of exposure trigger signal. 

26. (Amended) An imaging assembly according to [Claim 24 or] Claim 25, said bias 
signal monitoring means comprising a comparator for comparing said integrated signal 
representative of radiation with said first threshold value and/or said second threshold value. 

27. (Amended) An imaging assembly according to [any preceding] Claim I, said bias 
signal monitoring means adapted to monitor bias signal current. 



28. (Amended) An imaging assembly according to [any preceding] Claim l 9 said bias 
monitoring means adapted to monitor bias signal voltage. 

29. (Amended) An imaging assembly according to [any preceding] Claim 1, said 
image device comprising a plurality of detector elements, said bias signal monitored for at 
least some of said image elements. 

3 1 . (Amended) An imaging assembly according to [any preceding] Claim 1, said bias 
signal monitoring means integral with said imaging device. 

32. (Amended) A semiconductor radiation imaging system, comprising: 
a semiconductor imaging assembly according to [any preceding] Claim 1; 

control electronics coupled to said imaging assembly for receiving signals, including 
trigger signals, therefrom; 

signal storage means for storing signals coupled from said control electronics; 

an image processor for processing signals coupled from said control electronics; and 

a display unit for displaying images provided by said image processor. 

38. (Amended) A method according to [any one of Claims 35 to 37] Claim 36 . said 
rate of change indicative of a start of radiation exposure or end of radiation exposure. 

40. (Amended) A method according to Claim 38 [or Claim 39], said trigger signal 
comprising an end of exposure trigger signal for said rate of change indicative of an end of 
radiation exposure. 

43. (Amended) A method according to [Clam] Claim 42, said predetermined 
condition comprising said accumulated bias signal transgressing a threshold value. 



45. (Amended) A method according to Claim 43 [or Claim 44], further comprising 
initiating an exposure trigger signal for said accumulated bias signal transgressing a second 
threshold value. 

46. (Amended) A method according to [any one of Claims 41 to 45] Claim 4 L further 
comprising: 

determining an image element detector quiescent bias signal value; 

subtracting said image element detector quiescent bias signal value from a signal 
representative of said bias signal; and 

accumulating said bias signal after subtraction of said image element detector 
quiescent bias signal value. 

49. (Amended) A method according to Claim 47 [or Claim 48], further comprising 
initiating an exposure trigger signal for said integrated signal representative of radiation 
transgressing a second threshold value. 

50. (Amended) A method according to [any one of Claims 34 to 49] Claim 34 . 
wherein said step of monitoring said bias signal comprises monitoring bias signal current. 

5 1 . (Amended) A method according to [any one of Claims 34 to 49] Claim 34 , 
wherein said step of monitoring said bias signal comprises monitoring bias signal voltage. 

52-55 Deleted. 
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SELF TRIGGERED IMAGING DEVICE FOR IMAGING RADIATION 

This invention relates to a self-triggering imaging assembly for imaging radiation 
and to a self-triggerable imaging system. 

5 

Imaging devices comprising an array of image elements of various types are 

known. 



Charged coupled image sensors (also known as charged coupled devices (CCDs)) 
10 form one type of known imaging device. A CCD type device operates in the following 
way: 



1. Charge is accumulated within a depletion region created by an applied voltage. For 
each pixel (image cell) the depletion region has a potential well shape and constrains 

15 electrons under an electrode gate to remain within the semiconductor substrate. 

2. Voltage is applied as a pulse to the electrode gates of the CCD device to clock each 
charge package to an adjacent pixel cell. The charge remains inside the semiconductor 
substrate and is clocked through, pixel by pixel, to a common output. 

20 

During this process, additional charge cannot be accumulated. 



Another type of imaging device which is known is a semiconductor pixel detector 
which comprises a semiconductor substrate with electrodes which apply depletion voltage 

25 to each pixel position and define a charge collection volume. Typically, simple buffer 
circuits read out the electric signals when a photon is photo-absorbed or when ionising 
radiation crosses the depletion zone of the substrate. Accordingly pixel detectors of this 
type typically operate in a pulse mode, the numbers of hits being accumulated externally to 
the imaging device. The buffer circuits can either be on the same substrate (EP-A- 

30 0,287,197) as the charge collection volumes, or on a separate substrate (EP-A-0,571,135) 
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that is mechanically bonded to a substrate having the charge collection volumes in 
accordance with, for example, the well known bump-bonding technique. 

A further type of device is described in International application W095/33332. In 
5 W095/33332, an Active-pixel Semiconductor Imaging Device (ASID) is described. The 
ASID comprises an array of image elements including a semiconductor substrate having an 
array of image element detectors and a further array of image element circuits. The image 
element detectors generate charge in response to instant radiation. Each image element 
circuit is associated with a respective image element detector and accumulates charge 

10 resulting from radiation incident on the image element detector. The image element 
circuits are individually addressable and comprise circuitry which enables charge to be 
accumulated from a plurality of successive radiation hits on the respective image element 
detectors . The device operates by accumulating charge on the gate, for example, of a 
transistor. Accordingly, analogue storage of the charge value is obtained. At a determined 

15 time, the charge from the image element circuits can be read out and used to generate an 
image based on the analogue charge values stored in each of the image element circuits. 

CCD devices suffer from disadvantages of limited dynamic range, due to the 
limited capacity of the potential well inside the semiconductor substrate, and also to the 

20 inactive times during which an image is read out. Pulse counting semiconductive pixel 
devices also have the disadvantage of limited dynamic range. As these devices read the 
pixel contact when a hit is detected, they suffer from saturation problems at high counting 
rates. The semiconductor image element device according to W095/33332 provides 
significant advantages over the earlier prior art by providing a large dynamic range for the 

25 accumulation of images. 

It has been proposed to utilise the above-mentioned CCD and semiconductor 
devices to replace the film used in conventional radiation imaging systems, in order to 
provide real-time imaging and a more controlled lower dosage of radiation for a given 
30 exposure. 
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3 

In a known arrangement, a CCD is electrically connected to an X-ray source. 
When the X-ray source is energised a start signal is transmitted along the connecting wire 
to the CCD and its control circuitry to begin image acquisition and read-out. 

In a optional arrangement disclosed in US 5 513 252 there is no connection to the 
X-ray source. Instead, the CCD is continually read-out prior to radiation. A signal derived 
from the CCD is compared with a reference level. If the signal exceeds the reference 
level, the image acquisition of the CCD is initiated, that is to say the CCD stops being read 
out and the image starts to accumulate on the CCD. 

European Patent Application Publication No. 0 756 416 Al discloses a CCD used 
as an imaging device in which charge accumulated in the CCD elements is clocked from 
several rows into a register in order to sum the charges. The summed result is put to a 
threshold test. Onset of X-ray radiation is detected when the signal applied to the threshold 
test exceeds a reference level. Image acquisition is then initiated, as described above i.e. 
only then will the CCD start accumulating the image. 

In yet another arrangement the X-ray source and CCD have again no physical 
connection. A further sensor is arranged close to the imaging array for the CCD to detect 
the onset of X-ray radiation. On detection of incident X-ray energy, the sensor sends a 
signal to the CCD control circuitry to initiate image acquisition, as before. 

The foregoing prior art systems involve a delay between activation of the radiation 
source and initiation of image acquisition. Since in radiation imaging, in particular X-ray 
imaging, the exposure to irradiation and radiation devices should be kept as low as possible 
it is desirable to reduce the delay as much as possible. Furthermore, the CCD approach is 
unsuitable for determining an end of an exposure. An additional sensor or a connection to 
the radiation source is necessary to provide an exposure trigger indicating end of 
irradiation. 
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In accordance with an embodiment according to a first aspect of the invention 
there is provided a semiconductor radiation imaging assembly, comprising: a 
semiconductor imaging device including at least one image element detector, said 
imaging device arranged to receive a bias for forming said image element detector; and 
5 bias monitoring means for monitoring said bias for determining radiation incident on said 
image element detector. 

In accordance with an embodiment according to a second aspect of the 
invention, there is provided a method for providing a semiconductor imaging assembly, 
10 including an image element detector, comprising: monitoring a bias for said image 
element detector to determine radiation incident on said image element detector; and 
initiating a trigger for said bias fulfilling a predetermined condition. 

In accordance with an embodiment according to a third aspect of the invention, 
15 there is provided a self-triggerable semiconductor radiation imaging system, comprising: 
a semiconductor imaging assembly as or operable as described in the foregoing 
paragraphs; control electronics coupled to said imaging assembly for receiving signals, 
including trigger signals, therefrom; signal storage means for storing signals coupled 
from said control electronics; an image processor for processing signals coupled from 
20 said control electronics; and a display unit for displaying images provided by said image 
processor. 

Embodiments in accordance with the first, second or third aspects of the 
invention advantageously provide a substantially instantaneous or real-time response to 

25 radiation incident on an or a plurality of image element detectors by monitoring the bias 
applied to form the image element detector/s. Such embodiments may provide trigger 
signals in direct response to radiation incident on the image element detector/s, yet by 
indirect monitoring of the incident radiation, thereby obviating the need for reading out 
data from the image elements. Further, the embodiments provide for self-triggering 

30 image detector devices and systems, and obviate the need for trigger signals to be 
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provided from X-ray sources to the control electronics of such systems for identifying 
beginning and/or ending of exposure. 

Furthermore, since the bias represents an average of the radiation incident 
5 over the whole area of an array of image elements it provides a robust indication of the 
total radiation incident over that area, and provides a sensitive self-triggering 
mechanism.. 

Suitably, the semiconductor imaging device comprises a semiconductor 
10 substrate supporting a first and second conductive layer on respective first and second 
surfaces. The first and second conductive layers at least partially oppose each other for 
applying the bias between them to form a radiation detection zone for the image element 
detector. 

15 Typically, the first conductive layer comprises a substantially continuous layer 

across the first substrate surface, and the second conductive layer comprises a plurality 
of image element electrodes for defining respective radiation detection zones for a 
plurality of image element detectors. 

20 Advantageously, the bias monitoring means is adapted to provide a trigger for 

the bias fulfilling a predetermined criterion. 

In accordance with a first preferred embodiment, the bias monitoring means 
determines a rate or direction of change of the bias, and more preferably discriminates 
25 between different rates or direction of change. Thus, increases and decreases in bias due 
to corresponding increases and decreases in incident radiation intensity may be 
determined and utilised to initiate suitable trigger signals. 

Preferably, one or more threshold values are set corresponding to bias levels 
30 representative of incident radiation levels at start of exposure and/or end of exposure of 
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which triggers are to be initiated. Such triggers are initiated for the bias transgressing 
respective bias levels at and/or in an appropriate direction. 

The bias monitoring means preferably monitors the bias current, and provides 
5 a signal representative of the bias current, although for an assembly having the bias 
supplied from a non-constant output voltage supply the bias voltage may be monitored. 
This representative signal is differentiated, the resulting signal low-pass filtered (by an 
integrator for example) and the filter result input to a comparator for comparing with one 
or more threshold levels. Thus, typically the threshold levels are compared against a 
10 value of an intermediate signal representing the incident radiation and derived from the 
bias current. 

An example of a suitable differentiator is a high pass filter, and an example of 
a suitable low pass filter is an integrator, Cut-off frequencies for the high pass filter 
15 differentiator and the low pass filter integrator suitably lie in the ranges 10-200Hz. and 
500Hz.-2kHz. respectively. 

In accordance with a second preferred embodiment of the invention, the bias 
monitoring means accumulates a bias value which represent aggregate radiation incident 
20 on the image element detector/s, which advantageously offers improved radiation 
detection rejection against reliability. Thus, the likelihood of false positive triggers is 
reduced without adversely affecting the sensitivity to incident radiation. 

Preferably, an image element dark or quiescent bias value is subtracted from a 
25 value representing the bias, and the resulting signal is then integrated to provide an 
indication of the total accumulated bias value after correction for the quiescent bias 
value. One or more threshold levels are set against which the accumulated bias value is 
compared, to initiate suitable trigger signals such as start of and/or end of exposure 
trigger signals. Preferably, for an imaging device comprising more than one image 
30 element detector, then a dark or quiescent bias value corresponding to all of the 
individual image elements is subtracted from the value representing the bias value. 
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Suitably, sample and hold circuitry is configured to record the bias value prior 
to a radiation exposure in order to obtain a suitable quiescent bias value. 

In accordance with a third preferred embodiment of the invention, an 
integrated signal representative of the bias, preferably bias current but optionally 
voltage, is subtracted from the signal representative of the bias to derive a signal 
corresponding to the radiation incident on the image element detector/s. The resulting 
signal is then compared with threshold values to initiate suitable trigger signals. 



Embodiments of the invention will now be described, by way of example only, 
with reference to the accompanying drawings in which like elements have like reference 
signs and in which: 

15 

Figure 1 is a schematic block diagram of an overall imaging configuration; 
Figure 2 is a cross-section of one example of an imaging device; 
Figure 3 is a schematic diagram of a plan view of corner of the image device of 
Figure 2; 

20 Figure 4 is a schematic diagram of an image element circuit in accordance with 

an embodiment of the invention; 

Figure 5 is a schematic diagram of another example of an image element circuit 
for a further embodiment of the invention; 

Figure 6 is a block diagram of differential (edge) detection circuitry in 
25 accordance with a first embodiment of the invention; 

Figure 7 illustrates the signals obtained at various points on the circuitry 
illustrated in Figure 6; 

Figure 8 is a block diagram of a dose detection trigger circuitry in accordance 
with a second embodiment of the invention; 
30 Figure 9 illustrates signals obtained at various points in the circuitry illustrated in 

Figure 8; 
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Figure 10 is a block diagram of further dose detection trigger circuitry in 
accordance with a third embodiment of the invention; 

Figure 1 1 illustrates signals obtained at various points in the circuitry illustrated 
in Figure 10; 

5 Figure 12 is a schematic circuit diagram of a bias current measurement suitable 

for embodiments of the present invention; 

Figure 13 is a schematic circuit diagram of a second order high pass filter 
suitable for a differentiator in accordance with embodiments of the invention; 

Figure 14 is a schematic circuit diagram of a comparator suitable for 
10 embodiments of the present invention; and 

Figures 15-24 illustrate oscilloscope plots of an integrated signal for various 
configurations of circuitry substantially in accordance with the first embodiment of the 
invention. 

15 Figure 1 is a schematic block diagram of an example of an imaging system suitable 

for use with the present invention. This particular embodiment is directed to the imaging 
of high energy radiation, for example X-ray radiation. By high energy radiation is meant 
radiation having an energy in excess of approximately 1 KeV. However, the invention is 
by no means limited to high energy radiation such as X-rays but could be applied to the 

20 detection of any particular radiation f for example y-ray, p-ray , a-ray , infra-red or optical 
radiation, subject to an appropriate choice of semiconductor substrate. 

The imaging system 10 of Figure 1 is shown to provide imaging of an object 12 
subject to radiation 14. In this example the radiation may, for example, be X-ray radiation 
25 as mentioned above, but could alternatively be y-ray, p-ray or a-ray radiation. The object 
12 may, for example, be part of a human body. The imaging device 16 comprises a 
plurality of image elements (here elements 18 of a two dimensional image element array). 
In the following, reference will be made to image elements 18, although it will be 
appreciated that in other embodiments the individual image elements may have a 
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configuration other than that of an element within a two dimensional array (eg a strip 
arrangement). 

Control electronics 24 includes processing and control circuitry for controlling the 
5 operation of the imaging device, or an array of imaging devices. The control electronics 
24 is interfaced to the imaging device 16 via path 22 and enables the readout circuits 20 
associated with individual image elements 18 to be addressed (e.g. scanned) for reading out 
charge from the readout circuits 20 at the individual image elements 18. The charge 
readout is supplied to Analog-to-Digital Converters (ADCs) for digitisation and Data 
10 Reduction Processors (DRPs) for processing the digital signal. A bias 110 for the imaging 
device may also be applied over interface 22. Optionally, the bias may be applied via 
some other path. 

The control electronics 24 is further interfaced via a path represented schematically 

15 by the arrow 26 to an image processor 28. The image processor 28 includes data storage in 
which it stores digital values representative of the charge values read from each image 
element along with the position of the image element 18 concerned. The image processor 
28 builds up an image for display The data storage can store digital values for up to two 
image frames, i.e. signals corresponding to two images. Later signals overwrite or force 

20 out in a first in first out manner previously stored signals. A trigger signal determines 
where in the data storage the first signal for an exposure is located, and starts the read out 
of data from this location and then reads out the next n-1 data storage locations 
corresponding to the remaining n-1 image elements of an n element imaging system. For a 
start of exposure trigger, the first read out storage location corresponds to the start of 

25 exposure trigger. For an end of exposure trigger the image processor works back from the 
storage location corresponding to the trigger signal, to read out the remaining image frame 
signals corresponding to the radiation exposure . The values are read out by the image 
processor 28 to cause a representation of the data to be displayed on a display 55 via a path 
represented schematically by the arrow 56. The data can, of course, be printed rather 

30 than, or in addition to, being displayed and can be subjected to ftirther processing 
operations, including non-volatile storage in magnetic media for example. Input devices 
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58, for example, a keyboard and/or other typical computer input devices, are provided for 
controlling the image processor 28 and the display 55 as represented by the arrows 59 and 
61. 

5 The imaging device detects directly high energy incident radiation and accumulates 

at each image element, a count of the incident radiation hits at that image element. 

The imaging device can be configured as a single semiconductor substrate (eg, of 
silicon) with each image element comprising an image element detector 19 and image 
10 element circuitry 20. Alternatively, the imaging device 16 can be configured on two 
substrates, one with an array of image element detectors and one with an array of 
corresponding image element circuits 20, the substrates being mechanically connected to 
each other by, for example, conventional bump-bonding technology or any other 
appropriate technology. 

15 

Figure 2 is a schematic cross section of part of an imaging device 16. In this 
example, the imaging device 16 comprises an image detector substrate 30 connected to an 
image circuit substrate 32 by means of bump-bonds 34. An image element detector 19 of 
each image element 18 is defined on the detector substrate 30 by a continuous electrode 36 

20 which applies a biasing voltage and image element location electrodes 38, which collect 
charge, to define a detection zone for the image element 18. Such a detection zone 
comprises a charge generation volume in which charge is generated responsive to incident 
radiation, and caused to drift to respective electrodes under the influence of the bias. 
Preferably, a passivation material 21 such as aluminium nitride, silicon nitride or silicon 

25 oxide for example, is disposed between adjacent image element electrodes 38. 
Corresponding image element circuits 20 on the image circuit substrate 32 are defined at 
locations corresponding to the electrodes 38 (ie to the image element detectors 19). The 
image element circuits 20 are electrically connected to the corresponding electrodes 38 by 
bump-bonds 34. In this manner, when charge is generated in an image element detector 19 

30 in response to incident radiation, this charge is passed via the bump-bond 34 to the 
corresponding image element circuit 20. 
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A continuous electrode 36 may be fabricated from suitably conductive material such 
as aluminium, gold, indium/platinum alloy or platinum/gold alloy, for example. The 
image element electrodes may be fabricated from a conductive material such as gold, 
platinum/gold alloy or nickel/gold alloy, for example. 

Each image element 18 of the imaging device 16 is in effect defined on the 
substrate by electrodes 38 which apply a biasing voltage in cooperation with continuous 
electrodes 36 to define a detection zone (i.e. the image element detector 19) for the image 
element 18. Corresponding readout circuits on the readout substrate can comprise, for 
example, active image element circuits 20 as described in the aforementioned WO 
95/33332. The image element detectors 19 are formed with a detection zone such that, 
when a photon is photo-absorbed in the semiconductor substrate 30 at an image element 18 
creating an electric charge or when a charged radiation ionises the detection zone of the 
semiconductor substrate 30 at an image element 18, an electric pulse flows from the 
semiconductor detection zone to the readout circuit 20 for that image element 18 through 
the solder bump 34 for that image element. 

The actual size of the image element circuit and the image element detector will 
depend on the application for which the imaging device is intended. 

As mentioned above, the image element detectors and image element circuits could 
be constructed integrally on a single semiconductor substrate. Such an implementation is 
possible, but sets challenges unrelated to the present invention, relating to circuit 
manufacturing techniques. With suitable circuit manufacturing techniques, the invention as 
described herein is perfectly applicable to implementation on a single semiconductor 
substrate, as opposed to the dual-substrate technique described herein. 

Any appropriate semiconductor materials can be used for the substrates. For 
example, silicon may be used for the detector substrate and for the image circuit substrate. 
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Other semiconductor materials could be used. For example, for the detector substrate, the 
material could be selected from: CdZnTe, CdTe, Hgl 2 , InSb, GaAs, Ge, TIBr, Si and Pbl. 

By way of example, for a detector substrate material of CdZnTe the continuous 
5 electrode 36 is typically held at a voltage in the range of -100V to -600V relative to a 
reference voltage, whilst for CdTe, the voltage is +M00V to +/-600V. An electric field 
of approximately j£200V/mm is applied between the continuous electrode 36 and image 
element electrodes 38 which are held at a voltage of about -/+5V or +3V. For a silicon 
detector substrate an electric field of + 150V/0.5mm is applied between the continuous 
10 electrode 36 and image element electrodes 38. 

When an X-ray photon is photo-absorbed in a detection zone of image element 
detector 19 an electric charge is created, (or charged particle or gamma-ray is incident or 
absorbed for other embodiments) an electric pulse flows from image element detector 19 
15 via the bump-bonds 34 to corresponding image element circuitry 20. 

Figure 2 also shows an optional guard ring area 48 integral with the detector 
substrate 30. 

20 The guard ring area 48 generally surrounds all the image elements 18, and may 

comprise several guard rings 50. The guard rings 50 are made from a conductive material, 
preferably the same material as used for image element location electrodes 38 in order for 
the guard rings to be fabricated at the same time as the image element electrodes 38. The 
guard ring area 48, defined by guard rings 50, reduces charge injection due to crystal 

25 defects at the edge of the detector substrate 30 by reducing the localised increase in field 
strength at the edge for the detector substrate 30 material. The guard ring also helps to 
maintain a uniform electric field inside the detector substrate 30. 

Continuous electrode 36 extends into the guard ring area 48 and also applies a bias 
30 voltage in the guard ring area 48, This forms a further detection zone hereinafter referred 
to as radiation detection cell 57, between the guard ring 48/50 and the continuous electrode 



WO 00/65825 



13 



PCT7IB00/00581 



36. The guard ring 48/50 is exposed to radiation when the imaging device is irradiated, as 
well as the image element detectors 19. 

Figure 3 shows a corner 60 of an example of a detector substrate 30 including a 
5 guard ring. Image element location electrodes 38 are disposed inside the guard ring area 
48. As mentioned earlier, radiation incident on the imaging device 16 falls not only on 
image element location electrodes 38, but also on guard rings 50 comprising the guard 
ring area 48. The guard ring area 48 may comprise more than one guard ring 50 for 
gradually reducing the field strength towards the edge of the detector substrate 30. The 
10 guard ring 50 is coupled to output circuitry 54 via a bump-bond 52, which is directly 
coupled to a radiation sensor output pin on the imaging device. 

Figure 4 illustrates one preferred example of an image element circuit 20 for an 
image element in an embodiment of an imaging device in accordance with the invention. 

15 This example uses field effect transistors (FETs) arranged as a cascode connected 
amplifier. VBIAS 90 is a bias voltage input across the depletion zone forming the image 
element detector 19 of the image element. The image element detector 19 is represented 
by the diode symbol Dll. In the image element itself, SIGOUT 92 is an analogue signal 
output and VANA 94 is an analogue power supply input. RES-R-1 is a reset input and 

20 ENA-R-1 is an enable input for the image element circuit. Charge is accumulated in the 
gate of a transistor Mil A 100 when both the RES-R-1 96 and ENA-R-1 98 inputs are 
low. 

It will be appreciated that the use of a FET provides an example only of an 
25 embodiment of the invention in which charge accumulating capacitance is maximised 
using an image element charge storage device (such as a FET gate or a capacitor) that 
accounts for most of the input node capacitance for each pixel. 

To read the pixel cell, ENA-R-1 is taken to a high state, which allows current to 
30 flow from the transistor M11A 100 through the transistor Ml IB 102 to SIGOUT 92. 
The pixel circuit is reset by taking RES-R-1 to high, whereupon after RES-R-1 has been 
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at high for merely a few microseconds, any accumulated charge will have been removed 
from the gate of the transistor M11A 100. Immediately after RES-R-1 96 goes to a low 
level, charge can begin to accumulate at the gate of the transistor Mil A 100. If no reset 
pulse is supplied to the reset input RES-R-1 96 . then it is to be noted that a reading 
5 operation when the enable input ENA-R-1 goes high does not destroy the charge but 
instead merely causes a current flow directly proportional to the accumulated charge. 
This allows multiple readings without resetting. 

Figure 5 illustrates a further example of an active image element circuit 320 for 

10 an image element in an embodiment of an imaging device in accordance with the 
invention. This example is similar to the example of Figure 4. The image element 
detector is represented at PD 319 of the image element. In the image element circuit 
itself, VBIAS 340 is a voltage bias, OUT 342 is an analogue signal output, RESET 346 
is a reset input connected to a reset FET 347 and ENABLE 348 is an enable input 

15 connected to an enable FET 352 for the image element circuit. Charge (electrons) is 
(are) accumulated in the gate of a charge storage FET 350 when the ENABLE 348 input 
is low and the RESET 346 input is high. To read the image element, ENABLE 348 is 
taken to a high state, which allows current to flow from the FET 350 through the FET 
352 to OUT 342. The image element circuit is reset by taking RESET to low, 

20 whereupon after RESET 346 has been at low for merely a few microseconds, any 
accumulated charges will have been removed from the gate of the FET 350. 
Immediately after RESET 346 goes to a high level, charge can begin to accumulate at the 
gate of the FET 350. If no reset pulse is supplied to the reset input RESET 346, then it 
is to be noted that a reading operation when the enable input ENABLE goes high does 

25 not destroy the charge but instead merely causes a currently flow directly proportional to 
the accumulated charge. It will therefore be seen that the operation of the circuit of 
Figure 5 is similar to that of Figure 4. In addition, the circuit of Figure 5 includes 
diodes 354 and 356 which act as overload protection circuitry for the image element 
circuit. The diodes provide protection both against static electricity which might damage 

30 the FETs and against FET overload. If the FET gate 350 accumulates more than a 
predetermined charge threshold (e.g. corresponding to 5 volts, which is the voltage 
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bias), then current will start to flow through the diode 356 towards the ground, thus 
protecting the FET 350. This will protect image elements which, for example, receive a 
full radiation does outside the perimeter of an object to be imaged. Preferably, the two 
FETs 350 and 352 are implemented as a cascade amplifier stage. In this configuration, 
5 the two FETs 350 and 352 provide impedance-up conversion without increasing the 
noise accordingly. Consequently, the noise level from each pixel circuit described in the 
current embodiment is only about 500 e while the pixel circuit retains very small size (as 
small as 10-20/xm pixel size), very large dynamic range of about 50,000,000 e and 
individual addressability. 

10 

Figure 5 also illustrates an optional bipolar transistor 360, which may be omitted. 

In accordance with exemplary embodiments of the invention, bias 110 is supplied 
via the interface 22 with control electronics 24 to imaging device 16 to form bias voltage 
15 VBIAS 90 and VB1AS 340 described with reference to respective examples of the image 
elements 18 illustrated in Figures 4 and 5. Optionally, the bias 110 may be supplied 
directly from a power supply or other suitable module. The exemplary embodiments 
will be described with reference to the monitoring of bias current. However, for a 
power supply having a non-constant voltage, voltage may be monitored. 

20 

Referring now to Figure 6, there is schematically illustrated circuitry in 
accordance with a first embodiment of the invention for providing a trigger signal for the 
imaging system 10, in particular the control electronics 24 described with reference to 
Figure 1. The circuitry illustrated in Figure 6 is differential or edge detection circuitry. 

25 The bias current applied by bias 110 to the continuous electrode 36 is measured by bias 
current measurement unit 120. A bias current signal 122 corresponding to the measured 
bias current is output from bias current measurement unit 120 and input to a 
differentiator (high pass filter) 124. The high pass filter 124 acts to differentiate the bias 
current signal 122. In the illustrated embodiment, high pass filter 124 has a cut-off 

30 frequency of 100 Hz, but it will be readily apparent to the ordinarily skilled person that 
the cut-off frequency need not be 100 Hz but any suitable frequency capable of providing 
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a suitable differentiation of expected or anticipated forms of bias current signal 122. For 
example, a suitable high pass cut-off frequency may be in the range 10-200 Hz. 

A differentiated bias current signal 126 is output from high pass filter 124, and 
5 coupled to low pass filter (integrator) 128. In the illustrated embodiment, low pass filter 
124 has a cut-off frequency of 1 kHz but the cut-off frequency may be any suitable 
frequency providing a suitable low pass filtering function for expected or anticipated 
ranges of differential bias current signals 126. For example, a suitable low pass cut-off 
frequency may be in the range 500Hz-2kHz. 

10 

Low pass filter (integrator 128) couples an integrated signal 130 to comparator 
132 which compares integrated signal 130 with one or more threshold values. 
Responsive to integrated signal 130 transgressing a threshold value, comparator 132 
outputs a trigger signal 134 which initiates generation of a trigger pulse 136 for the 
15 imaging system. 

An example of the variation over time of the X-ray flux energy or intensity of a 
typical X-ray source for medical/dental imaging during an imaging or exposure sequence 
is illustrated in Figure 7(a). The X-ray intensity illustrated in Figure 7(a) comprises an 
20 initial pulse 140 which is typically due to an impulse response or spikes from the X-ray 
power supply and/or pre-heating of the X-ray tube filament when the X-ray source is 
activated or turned on to initiated an exposure. 

Initial pulse 140 may be a predetermined time period 142 (e.g. 1 second) in 
25 advance of an X-ray exposure 144, in which case it may be utilised to initiate a start of 
exposure trigger the predetermined time interval 142 later. However, such a trigger 
would not be reliable since it may vary with age, use or temperature, for example, of the 
X-ray source. 

30 The X-ray exposure profile 144 starts with a slowly increasing intensity having a 

slope 146, and which typically lasts for about 5-50 milliseconds as illustrated. The slow 
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increase in X-ray intensity is typically due to the gradual heating of the X-ray tubes 
and/or slow build-up of the X-ray source power supply voltage. Optionally, or 
additionally, it may be due to positive control of the X-ray source power supply to 
increase the lifetime of the X-ray source (tube filament). The X-ray intensity flattens out 
5 to plateau 148, and finally rapidly decreases with a large slope 150 at the end of the 
exposure profile 144, for example over about 5 milliseconds as illustrated. 

Generally, the causes of slow rise time 146 do not occur at the end of the 
exposure, and thus the X-ray intensity falls off rapidly. 

10 

Figure 7(b) schematically illustrates the bias signal 122 as measured by bias 
current measurement unit 120 for the X-ray intensity profile illustrated in Figure 7(a). 
Bias current signal 122 has a minimum level 152 corresponding to an image device 
"dark" or "quiescent" current. Such a "dark" or "quiescent" current is the current 
15 flowing through the image detector elements 19 due to the bias voltage applied thereto in 
conditions of no- or non-exposure levels of X-ray illumination. Such "dark" or 
"quiescent" currents provide an offset in the measured bias current signal profile 122. 
The bias current may vary due to temperature variations, although such variation is 
typically slow. 

20 

The bias current signal profile 122 comprises an initial pulse 154 and envelope 
156 having rising edge 158, plateau 160 and falling edge 162, corresponding to the X- 
ray intensity profile illustrated in Figure 7(a). Changes in the bias current occur with 
changes in X-ray intensity incident on the imaging device 16, and are due to charge pairs 
25 generated in the detection zone 19 of the detector substrate in response to incident 
radiation migrating to respective electrodes 36,38. The greater the intensity of X-rays 
the greater the number of charged pairs created and thus the greater the measured bias 
current, and vice versa. 

30 The signal 126 resulting from differentiating bias current signal 122 is illustrated 

in Figure 7(c). Positive and negative square pulses 164 and 166 respectively correspond 
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to the rising (positive) gradient and falling (negative) gradient edges of initial bias 
current signal pulse 154. Positive square pulse 168 corresponds to rising edge 158 to the 
bias current signal profile 122, and negative square pulse 120 corresponds to the falling 
edge 162. The effect of low pass Filtering signal 126 is illustrated in Figure 7(d). 

5 

Although there are pulses (172,174,176,178) in signal 130 corresponding to the 
pulses (164,166,168,170) in signal 126, the are modified such that the pulse 174 
corresponding to pulse 166 of signal 126 is a lower amplitude than pulse 178 
corresponding to pulse 170 of signal 126. By appropriate adjustment of the low pass 
10 filter (reducing the cut-off frequency) pulse 172 may be attenuated (shown in broken 
lines) with respect to pulse 176). Such modification would also change the shape of 
pulses 176 and 178 (broken line) but they would still achieve at least substantially the 
same amplitude as for an unmodified low pass filter 128. 

15 For a modified low pass filter signal 130 transgresses detection limit (1) 180, 

which corresponds to a first threshold value for comparator 132, by pulse 176 only. The 
crossing of threshold 180 by respective rising and falling edges of pulse 176 corresponds 
to points 182 and 184 respectively on the X-ray exposure profile 144, and to 
corresponding threshold values for the bias current signal illustrated in Figure 7(b). 

20 Thus, respective transgressions of value 180 may be utilised to initiate a start of 
exposure trigger for use by the imaging system 10, depending upon whether the start of 
exposure is determined to be just as the X-ray exposure begins, point 182, or where the 
X-ray intensity has reached a substantially constant level, point 184. Comparator 132 
may comprise discrete logic circuitry hardwired to respond to one or other transgressions 

25 of threshold 180 to initiate trigger pulse unit 136 to produce a start of exposure trigger 
signal for control electronics 24 of the imaging system. 

As is also illustrated in Figure 7(d) negative going pulse 178 transgresses a 
second threshold level 186 (detection limit (2)). Pulse 178 crosses threshold 186 on both 
30 falling and rising edges, corresponding to point 188 and 190, respectively in the X-ray 
intensity profile illustrated in Figure 7(a). Typically, comparator 132 is configured to 
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respond to transgressions of threshold 186 by the falling edge (first transgression) of 
pulse 178 to initiate trigger pulse unit 136 to produce an end of exposure trigger signal 
for the imaging system, indicating that the X-ray exposure is completed, and image 
readout should begin. 

5 

Comparator 132 need not be comprised of discrete logic circuitry but may 
comprise a suitably configured programmable logic array or a suitably programmed 
processing unit. Indeed, all the modules post bias current measurement illustrated in 
Figure 6 may be implemented in a suitably programmed processing unit such as a field 
10 programmable gate array, or even a general purpose processor. However, for operation, 
e.g data or clock frequencies greater than 100kHz, an optimised Application Specific 
Integrated Circuit would be required. 

Optionally, the low pass filter is unmodified and signal 130 is represented by the 
15 unbroken lines of Figure 7(d). In such an embodiment, either comparator 132 is 
configured to discard transgressions of threshold 180 by pulse 172, or optionally, 
comparator 132 is configured to respond to transgressions of threshold 186 only, thereby 
initiating only an end of exposure trigger signal. This may be achieved by setting only a 
single threshold level 186 (detection limit (2)). Any desired start of exposure trigger for 
20 the imaging system would then need to be provided by some other means. 

Circuitry in accordance with a second embodiment of the invention is illustrated 
in Figure 8. The second embodiment may be termed a dose detection trigger circuit, 
since it provides a trigger pulse depending on the accumulated radiation or radiation dose 
25 received by the imaging device 16. 

Bias current measurement unit 120 and bias current signal 122 operate as 
described with reference to the first embodiment illustrated in Figure 6. Similarly, the 
X-ray intensity profile and bias current signal profile 122 respectively illustrated in 
30 Figures 9(a) and 9(b) are as described with reference to Figures 7(a) and 7(b) above. 
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Bias current signal 122 is input to resettable sample and hold unit 192, and to 
subtraction circuitry 194. The output 152 of sample and hold unit 192 is input to 
subtraction circuitry 194, and is subtracted from bias current signal 122. The sample 
and hold unit 192 also receives an initial trigger signal 198 which resets unit 192 and 
5 may be utilised to reset unit 192 just prior to an X-ray exposure in order to store the 
"dark" or "quiescent" current value 152 just prior to the X-ray exposure. The initial 
trigger signal may correspond to an X-ray trigger originating from the X-ray source to 
indicate the start of an exposure or may occur periodically outside of an X-ray exposure 
window. 

10 

A dark current corrected signal 196 is input to a resettable integrator 200, which 
is reset on receipt of initial trigger signal 198, and provides an integrated signal 202 to 
comparator 204. Comparator 204 outputs trigger signal 136 for the integrated signal 202 
transgressing a threshold value for the comparator. The trigger signal 134 is coupled to 
15 trigger pulse unit 136 which provides a trigger pulse to the control electronics 20 for the 
imaging system 10. 

As mentioned above, Figures 9(a) and 9(b) illustrate a typical X-ray intensity 
profile and bias current signal 122 as described with reference to Figures 7(a) and 7(b). 

20 Figure 9(c) illustrates a sample, 152', of the dark current 152 stored in response to an 
initial trigger 198 shown in broken line on Figure 9. The initial trigger 198 also resets 
integrator 200 as illustrated by reference to 206 in Figure 9(d). The signal 202 output 
from integrator 200 has a profile as illustrated. Initially, the profile ramps up, 208, 
corresponding to initial X-ray pulse 140, and flattens-out until exposure pulse 144 during 

25 which signal 202 increases until the X-ray intensity drops off, 150. Comparator 204 
includes a threshold value 210 corresponding to the detection limit illustrated in Figure 
9(d). For signal 202 transgression threshold 210 a trigger signal 134 is output from 
comparator 204 to the trigger pulse unit 136. The detection limit is set at a value at least 
greater than the signal 202 value due to pulse 140, but thereafter may be set at any 

30 suitable level to initiate a trigger pulse imaging system 10. A suitable detection limit 
210 would result in signal 202 transgressing a threshold at point 212, which corresponds 
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to the start of constant X-ray intensity illumination, labelled 214 in Figure 9(a), and to a 
corresponding threshold for the bias current signal illustrated in Figure 9(b). Such a 
trigger would be a start of exposure trigger. An end of exposure trigger may be 
automatically generated by the imaging system, a predetermined time period after the 
5 start of exposure trigger signal. Optionally, plateau 216 may be identified by the system 
in order to initiate an end of exposure trigger, or a second threshold 215 may be set for 
the comparator 204, the transgression of which initiates an end of exposure trigger pulse. 

A third embodiment of the invention comprises a second dose detection trigger 
10 circuit as illustrated in Figure 10. A second dose detection trigger circuit replaces the 
sample and hold unit 192 and integrator 200 of the circuitry illustrated in Figure 8, with 
simple low pass filters 220 and 228 , respectively. Utilising such a configuration 
obviates the need for an initial trigger and thereby reduces the complexity of the imaging 
system 10 control circuitry 24. 

15 

As illustrated in Figure 10 ? bias current signal 122 is input to low pass filter 220, 
preferably having a cut-off frequency in the range 10-200Hz for example, and to 
subtraction circuitry 224. Subtraction circuitry 224 subtracts the low pass filtered bias 
current signal 222 from the raw bias current signal 122 to produce signal 226 which is 
20 corrected for the dark current. This is due to the fact that since the dark current slowly 
varies over time (e.g. due to changes in temperature), the measured bias current profile 
after low pass filtering is substantially similar to its unfiltered profile. The profile of 
signal 226 is illustrated in Figure 9(c). 

25 Signal 226 is input to the second low pass filter 228, preferably having a cut-off 

frequency in the range 10-200Hz for example, resulting in a signal 230 having a profile 
as illustrated in Figure 9(d). Comparator 232 receives signal 230 from low pass filter 
228, and compares it with a threshold value 234 (detection limit). As illustrated in 
Figure 9(d), signal 230 upwardly transgresses threshold 234 at point 236 corresponding 

30 to point 238 on the X-ray intensity profile 144. Thus, the comparator can output a 
trigger signal to trigger pulse unit 136 to initiate a start of exposure trigger. 
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Comparator 232 may also output a trigger signal corresponding to a downward 
transgression of threshold 234 at point 240 corresponding to point 242 on the X-ray 
intensity profile 144, to initiate an exposure trigger signal. 

5 

By passing signal 226 through a second low pass filter 228, the magnitude of 
signal corresponding to the initial pulse 140 is greatly reduced, relative to the signal 
corresponding to the X-ray exposure profile 144. Therefore, the likelihood of false 
triggering due to the initial pulse 140 is reduced, 

10 

An example of bias current measurement circuitry suitable for embodiments of 
the invention, in particular edge detection circuitry, will now be described with reference 
to Figure 12. The high voltage power supply and electronic circuit of the imaging 
system are coupled to a common reference potential, for example ground. Thus, bias 
15 measurement is undertaken by coupling a resistor 248 across the high voltage node 250 
for the image device 16 and high voltage node 252 from the power supply. Optionally, 
it is possible to measure bias current directly from ground if the power supply is 
floating. Such optional measurement configuration advantageously allows DC coupling 
and implementation of a compensation measurement method. 

20 

The power supply node end of resistor 248 is coupled to the reference potential 
(ground) via capacitor 254. The image device node end of resistor 248 is coupled to the 
positive input 262 of operational amplifier (op-amp) 260 via a capacitor 256 having a 
value C. A resistor having a value R, 258, is coupled between the positive input 262 

25 and the reference potential. The time constant of the RC combination of capacitor 256 
and resistor 258 is selected to be low relative to the time constant of the subsequent 
stages of the circuitry, for example to the time constant providing the cut-off frequency 
of the high-pass filter stage of the edge detection circuitry. The value of capacitor 254 is 
much greater than the value of the capacitor 256. The value of the current sense resistor 

30 248 is selected to provide sufficient voltage between nodes 250 and 252 to provide a 
reliable signal for measurement, yet without unacceptably affecting the operation of the 
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image device detectors, and being sufficiently less than the value R of resistor 258 not to 
influence the time constant of the bias current measurement circuitry. 

The output of op amp 260 is coupled to a resistor chain comprising resistors 266 
5 and 268, the centre of which is fed back to the negative input 264 of the op amp 260 to 
provide a suitable feedback signal. The output is then coupled to the next stage of the 
circuitry. 

Figure 13 illustrates a second order high pass filter suitable for providing a 
10 differentiator for the edge detection circuitry described above. Although the present 
description refers to a second order filter, a first order filter or higher order Filters may 
be used. Input 270 receives bias current signal 122 from the bias current measurement 
unit 120, and is fed into a C-R-C network 272. The output of the C-R-C network 272 is 
input to the positive input of the operational amplifier (op-amp) 274 which is also 
15 coupled to reference potential (ground) via a resistor 276. The output of the op-amp 274 
is coupled to the reference potential (ground) via a resistor network 278,280, centre 
tapped to provide a feedback to the negative input of the op amp 274. The output of the 
op-amp is also fed back to the network 272. 

20 For a low pass filter, the capacitors are interchanged with the resistors. 

The high and low pass filters are preferably implemented having critically 
damped characteristics. However, by changing the op amp gain, more complex filter 
characteristics may be achieved. For example, for critical damping the gains equal 1,0. 
25 For a Bessel function the gain equals 1.268 and for a 3dB Tschebyscheff filter, the gain 
equals 2.234, for example. 

An example of a comparator circuit suitable for embodiments of the invention is 
illustrated in Figure 14. An input signal is coupled via AC coupling capacitor 282 to the 
30 negative input of operational amplifier (op-amp) 284. The negative input is also coupled 
to reference potential (ground) by resistor 286. AC coupling is advantageous to reject 
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any DC offset voltage derived from the preceding operational amplifier stage circuitry 
due to the operational amplifier characteristics. Since the particular implementation 
details of the comparator circuitry are not relevant to the instant invention, and the 
skilled person will be aware of and understand the various circuit configurations 
5 available for forming a comparator, no further description will be provided. 

Figures 15 to 24 of the drawings illustrate oscilloscope plots of signals obtained 
from the low pass filter 128 of the differential edge detection circuitry, i.e. signal 130 as 
illustrated in Figure 7(d). However, due to the electrical circuit configuration used in 
10 conducting the experiments, the oscilloscope traces illustrated in Figures 15 to 24 are 
inverted with respect to the signal 130 illustrated in Figure 7(d). 

The results are obtained using edge detection circuitry comprising bias current 
measurement unit, high and low pass filters and comparators substantially as described 
15 with reference to Figures 12, 13 and 14. 

The results are achieved using a Planmeca dental X-ray source having the 
recommended 2mm Al filtration and 30 cm focal spot to imaging device 16 distance. 
The X-ray source was set to an 8 milliamp current, and 63 kV voltage and of 10 

20 millisecond duration. Measurements were made with 200/2000 Hertz and 100/1000 
Hertz high pass/low pass filter settings. For each filter combination the comparator was 
kept constant at maximum sensitivity in order to inhibit any unwanted triggering. The 
imaging device received the clock signal, and the sensor and electronics were optically 
and electrically unshielded. The test results were achieved firstly without an object, then 

25 with a dental phantom, then with 4 mm and subsequently with 12 mm Al targets. 

For the plots illustrated in Figures 15 to 8, the imaging device was in standby 
mode and no readout or reset was performed. The signal corresponding to pulse 178 of 
Figure 7(d) is also marked 178 in Figures 15 to 24. As expected, the amplitude of the 
30 pulses 178 is higher for the 100/1000 Hertz configuration, compared to the 200/2000 
Hertz configuration. This result should be expected from the function of a high pass 
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filter. Figure 15 has no object, and the oscilloscope trace clearly shows the rising and 
falling flank corresponding to the bias current. As the object absorbs and increases only 
the pulse corresponding to the falling edge of the bias current exceeds the noise flaw. 
This progression is shown in Figures 15 and 19 for no target and 200/2000 Hertz and 
5 100/1000 Hertz filter configurations respectively. Figures 16 and 20 for the dental 
phantom target indicate that there has been a reduction in the flanks of the bias current, 
and Figures 17 and 21 and Figures 18 and 22 respectively for a 4 mm and 12 mm thick 
Al target show continued gradual reduction in the bias current flanks as the absorption 
level of the target increases. 

10 

Without any object, the triggering occurs before the falling edge. This is due to 
the sensitive adjustment of the comparator register an overshoot from the rising edge as 
well as a ripple of the X-ray intensity. Having an adequately selectable readout sequence 
should ameliorate this problem. 

15 

Figures 23 and 25 show the oscilloscope trace obtained when the imaging device 
is in operation. Continuous readout/reset was performed on the imaging device. Due to 
relatively simple filtering the reset frequency of the imaging device was about 30 kHz 
and became visible forcing a higher comparator voltage, thereby reducing sensitivity. In 
20 the 200/2000 Hertz configuration, the X-ray exposure cannot be detected with a 12 mm 
Al target but could be detected easily with a 4 mm Al target. In the 100/1000 Hertz 
configuration, the X-ray exposure could still be detected with the 12 mm Al target, with 
respect to traces illustrated in Figures 23 and 24. 

25 In view of the foregoing description it will be evident to a person skilled in the 

art that various modifications may be made within the scope of the invention. For 
example, the system could be used for non-destructive testing and analysis, as well as in 
medical imaging. Additionally, the high pass filter cut-off frequency may be determined 
by the following relationship, f hpf s =2/t x . iay pulsc dura£ion , and low pass cut-off frequency by 

30 fi P f=2/t x . ray ri^/fey ^ The bias measurement unit, high and low pass filters and 
comparator unit need not be as specifically described above. In particular, all the 
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elements after the bias measurement circuitry illustrated in respective Figures 6, 8 and 
10 may be implemented in a Field Programmable gate Array or general purpose 
• processor. However, for operation, e.g. data or clock rates greater than 100kHz, an 
optimised Application Specific Integrated Circuit should be used, 

5 

Although the X-ray source referred to in the foregoing description provides an 
initial X-ray pulse, the present invention is not limited to use with such X-ray sources, 
but to any form of X-ray source output and high energy radiation sources in general, 

10 The scope of the present disclosure includes any novel feature or combination of 

features disclosed therein either explicitly or implicitly or any generalisation thereof 
irrespective of whether or not it relates to the claimed invention or emitigates any or all 
of the problems addressed by the present invention. The application hereby gives notice 
that new claims may be formulated to such features during the prosecution of this 

15 application or of any such further application derived therefrom. In particular, with 
reference to the appended claims, features from dependent claims may be combined with 
those of the independent claims in any appropriate manner and not merely in the specific 
combinations enumerated in the claims. 
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CLAIMS 

1. A semiconductor radiation imaging assembly, comprising: 
a semiconductor imaging device including at least one high energy direct 
5 conversion image element detector; 

said semiconductor imaging device comprising a semiconductor substrate 
supporting a first and second conductive layer on respective first and second surfaces, 
said second conductive layer comprising an image element electrode and said first and 
second conductive layers at least partially opposing each other for applying a bias 
1 0 therebetween to define a radiation detection zone for said image element detector; and 
. bias signal monitoring means for monitoring a bias signal applied to said 
first conductive layer for determining radiation incident on said image element 
detector. 

2. An imaging assembly according to Claim 1, said first conductive layer 
comprising a substantially continuous layer across said first substrate surface, and said 
second conductive layer comprising a plurality of image element electrodes for 
defining respective radiation detection zones for a plurality of image element 
detectors. 

3. An imaging assembly according to Claims 1 or 2, said bias signal 
monitoring means adapted to provide a trigger signal for said bias signal fulfilling a 
predetermined criterion. 

4. An imaging assembly according any one of Claims 1 to 4, said bias 
signal monitoring means adapted to determine a rate of change for said bias signal. 

5. An imaging assembly according to Claim 4, said bias signal monitoring 
means adapted to discriminate between more than one rate of change of said bias 

30 signal. 
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6. An imaging assembly according to Claim 4 or Claim 5, dependent on 
Claim 3, said trigger signal initiated responsive to a transgression of a threshold value 
for said bias signal indicative of a start of a radiation exposure or end of a radiation 
exposure. 

5 

7. An imaging assembly according to Claim 6, said trigger signal 
comprising a begin exposure trigger signal for said threshold value indicative of said 
start of radiation exposure. 

10 8. An imaging assembly according to Claim 7, said bias signal upwardly 

transgressing said threshold value. 

9. An imaging assembly according to any one of Claims 4 to 8, dependent 
on Claim 3, said trigger signal comprising an exposure trigger for said threshold value 
indicative of said end of radiation exposure. 

10. An imaging assembly according to Claim 9, said bias signal 
downwardly transgressing said threshold value. 

20 11. An imaging assembly according to any preceding Claim, said bias 

signal monitoring means comprising: 

means for differentiating a signal representative of said bias signal; 

means for low pass filtering said differentiated signal; and 

a comparator for comparing said low pass filtered signal with a threshold 

25 value. 




12. An imaging assembly according to Claim 11, said means for 
differentiating comprising a high pass filter. 

30 13. An imaging assembly according to any one of Claims 1 to 3, said bias 

signal monitoring means adapted to determine accumulated bias signal value 
representative of aggregate radiation incident on said image element detector. 
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14. An imaging assembly according to Claim 13, said bias signal 
monitoring means responsive to said accumulated bias signal value fulfilling a 
predetermined criterion to initiate a trigger signal. 

15. An imaging assembly according to Claim 14, said predetermined 
criterion comprising said accumulated bias signal value transgressing a first threshold 
value to provide a begin of exposure trigger signal. 

16. An imaging assembly according to Claim 14 or 15, said predetermined 
criterion comprising said accumulated bias signal value transgressing a second 
threshold value to provide an end of exposure trigger signal. 

17. An imaging assembly according to any one of Claims 13 to 16, said 
bias signal monitoring means adapted to subtract an image element quiescent bias 
signal value from a signal representative of said bias signal. 

18. An imaging assembly according to any one of Claims 13 to 17, said 
bias signal monitoring means comprising: 

means for integrating a signal representative of said bias signal; and 
a comparator for comparing said integrated signal with said first and/or 
second threshold value. 

19. An imaging assembly according to Claim 18, when depending on 
Claim 17, said bias signal monitoring means further comprising sample and hold 
circuitry for recording an image element quiescent bias signal value, and subtraction 
means for subtracting said image element quiescent bias signal value from said signal 
representative of said bias signal for forming a quiescent bias signal corrected bias 
signal. 

20. An imaging assembly according to Claim 19, said sample and hold 
circuitry resettable to update said recorded image element quiescent bias signal value 
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prior to said bias signal monitoring means initiating measurement of accumulated bias 
signal. 

21. An imaging assembly according to any one of Claims 1 to 3, said bias 
5 signal monitoring means adapted to integrate a signal representative of said bias 
signal and to subtract said integrated signal from said signal representative of said 
bias signal to derive a signal representative of radiation incident on said image 
element detector. 

10 22. An imaging assembly according to Claim 21, said bias signal 

monitoring means adapted to integrate said signal representative of radiation 

23. An imaging assembly according to Claim 22, said bias signal 
monitoring means responsive to said integrated signal representative of radiation 
fulfilling a predetermined criterion to provide a trigger signal 

24. An imaging assembly according to Claim 23, said predetermined 
criterion comprising said integrated signal representative of radiation transgressing a 
first threshold value to provide a start of exposure trigger signal. 

25. An imaging assembly according to Claim 23 or Claim 24, said 
predetermined criterion comprising said integrated signal representative of radiation 
transgressing a second threshold value to provide an end of exposure trigger signal. 

25 26. An imaging assembly according to Claim 24 or Claim 25, said bias 

signal monitoring means comprising a comparator for comparing said integrated 
signal representative of radiation with said first threshold value and/or said second 
threshold value. 

30 27. An imaging assembly according to any preceding Claim, said bias 

signal monitoring means adapted to monitor bias signal current. 




AMENDED SHEET 



21-06-2001 



IB00005 



P006777WO 3 1 

28. An imaging assembly according to any preceding Claim, said bias 
monitoring means adapted to monitor bias signal voltage. 

29. An imaging assembly according to any preceding Claim, said image 
5 device comprising a plurality of detector elements, said bias signal monitored for at 

least some of said image elements. 

30. An imaging assembly according to Claim 29, said bias signal 
monitored for all of said image elements. 

10 

31. An imaging assembly according to any preceding Claim, said bias 
signal monitoring means integral with said imaging device. 

32. A semiconductor radiation imaging system, comprising : 

15 a semiconductor imaging assembly according to any preceding Claim; 

control electronics coupled to said imaging assembly for receiving signals, 
including trigger signals, therefrom; 

signal storage means for storing signals coupled from said control 
electronics; 

20 an image processor for processing signals coupled from said control 

electronics; and 

a display unit for displaying images provided by said image processor. 

33. An imaging system according to Claim 32, said control electronics 
25 responsive to a trigger signal from said imaging assembly to initiate an image frame 

selection from said signals stored in said storage means. 

34. A method for providing a self-triggerable semiconductor imaging 
assembly comprising: 

30 a semiconductor imaging device including at least one high energy direct 

conversion image element detector; 
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said semiconductor imaging device comprising a semiconductor substrate 
supporting a first and second conductive layer on respective first and second surfaces, 
said second conductive layer comprising an image element electrode and said first and 
second conductive layers at least partially opposing each other for applying a bias 
5 therebetween to define a radiation detection zone for said image element detector; and 

bias signal monitoring means for monitoring a bias signal applied to first 
conductive layer for determining radiation incident on said image element detector, 
said method comprising : 

monitoring a bias signal for applying a bias to said image element detector 
10 to monitor radiation incident on said image element detector; and 

initiating a trigger signal conditional on said bias signal fulfilling a 
predetermined condition. 

35. A method according to Claim 34, further comprising determining a 
15 change in said bias signal corresponding to a change in radiation incident on said 

image element detector. 

36. A method according to Claim 35, further comprising determining a rate 
of change for said bias signal. 

20 

37. A method according to Claim 36, further comprising discriminating 
between more than one rate of change for said bias signal. 

38. A method according to any one of Claims 35 to 37, said rate of change 
25 indicative of a start of radiation exposure or end of radiation exposure. 

39. A method according to Claim 37, said trigger signal comprising a start 
of exposure trigger signal for said rate of change indicative of a start of radiation 
exposure. 

30 
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40. A method according to Claim 38 or Claim 39, said trigger signal 
comprising an end of exposure trigger signal for said rate of change indicative of an 
end of radiation exposure. 



5 41. A method according to Claim 34, further comprising determining 

accumulated bias signal representative of aggregate radiation incident on said image 
element detector. 



42. A method according to Claim 43, further comprising initiating a trigger 
10 signal for said accumulated bias fulfils a predetermined condition. 

43. A method according to Clam 42, said predetermined condition 
comprising said accumulated bias signal transgressing a threshold value. 



44. A method according to Claim 43, further comprising initiating a start of 
exposure trigger signal for said accumulated bias signal transgressing a first threshold 
value. 

45. A method according to Claim 43 or Claim 44, further comprising 
20 initiating an exposure trigger signal for said accumulated bias signal transgressing a 

second threshold value. 




46. A method according to any one of Claims 41 to 45, further comprising: 
determining an image element detector quiescent bias signal value; 
25 subtracting said image element detector quiescent bias signal value from a 

signal representative of said bias signal; and 

accumulating said bias signal after subtraction of said image element 

detector quiescent bias signal value. 

30 47. A method according to Claim 34, further comprising: 

low pass filtering a signal representative of said bias signal; 
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subtracting said low pass filtered signal from said signal representative of 
said bias signal for deriving a signal representative of radiation incident on said image 
element detector; 

low pass filtering said signal representative of radiation; and 
5 initiating a trigger signal for said low pass filtered signal representative of 

radiation fulfilling a predetermined condition. 

48. A method according to Claim 47, further comprising initiating a start of 
exposure trigger signal for said low pass filtered signal representative of radiation 
10 transgressing a first threshold value. 

<i 49. A method according to Claim 47 or Claim 48, further comprising 

initiating an exposure trigger signal for said integrated signal representative of 
;£ ; radiation transgressing a second threshold value. 

E 15 

^ 50. A method according to any one of Claims 34 to 49, wherein said step 

N of monitoring said bias signal comprises monitoring bias signal current. 

!*f 51. A method according to any one of Claims 34 to 49, wherein said step 

20 of monitoring bias signal comprises monitoring bias signal voltage. 

52. An imaging assembly substantially as hereinbefore described with 
reference to respective embodiments and corresponding Figures of the drawings. 

25 53. An imaging system substantially as hereinbefore described with 

reference to respective embodiments and corresponding Figures of the drawings. 

54. A method substantially as hereinbefore described with reference to 
respective embodiments and corresponding Figures of the drawings. 
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FIG. 17 
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STATE VOLTS/DIV POSITION CPLG BVf LIM INV PROBE INPUT 

CHAN 1 ON SO.OmV -SO.OmV DC OFF OFF 10:1A 1M 

CHAN 2 OFF 5.000 V -156. 3mV DC OFF OFF 10:1A 1M 

EXT AC 1:1A 1M 

MAIN MAIN TIME DELAYED DELAYED 
MODE TIME /D IV DELAY REF TIME/DIV DELAY 
HORIZONTAL NORMAL 10.00ms/ -4 0.00ms LEFT 

TRIGGER MODE SOURCE LEVEL HOLDOFF SLOPE COUPLG REJECT NOISEREJ 

SINGLE CH 2 4.219 V 300.0ns NEG DC OFF OFF 

DISPLAY MODE: NORMAL 



12mm AL 200 / 2000 Hz 

Plot 4 

FIG. 18 
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STATE VOLTS/DIV POSITION CPLG BW LIM INV PROBE INPUT 

CHAN 1 ON 200, OmV -200. OmV DC OFF OFF 10:1A 1M 

CHAN 2 OFF 5.000 V -156. 3mV DC OFF OFF 10:1A 1M 

EXT AC -— 1:1A 1M 

MAIN MAIN TIME DELAYED DELAYED 
MODE TIME /D IV DELAY REF TIME /D IV DELAY 
HORIZONTAL NORMAL 10.00ms/ -40.00ms LEFT 

TRIGGER MODE SOURCE LEVEL HOLDOFF SLOPE COUPLG REJECT NOISEREJ 

SINGLE CH 2 4.219 V 300.0ns NEG DC OFF OFF 

DISPLAY MODE: NORMAL 



Nothing 100 / 1000 Hz 

Plot 5 

FIG. 19 
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STATE VOLTS/DIV POSITION CPLG BW LIM INV PROBE INPUT 

CHAN 1 ON 100. OmV -100. OmV DC OFF OFF 10:1A 1M 

CHAN 2 OFF 5.000 V -156. 3mV DC OFF OFF 10 *1A 1M 

EXT AC 1;1A 1M 

MAIN MAIN TIME DELAYED DELAYED 

MODE TIME/DIV DELAY REF TIME /D IV DELAY 

HORIZONTAL NORMAL 10.00ms/ -40.00ms LEFT 

TRIGGER MODE SOURCE LEVEL HOLD OFF SLOPE COOTLG REJECT NOISEREJ 

SINGLE CH 2 4.219 V 300.0ns NEG DC OFF OFF 

DISPLAY MODE: NORMAL 



Phantom 100 / 1000 Hz 

Plot 6 

FIG. 20 
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STATE VOLTS/DIV POSITION CPLG BW LIM INV PROBE INPUT 

CHAM 1 ON 100. OmV -100. OmV DC OFF OFF 10:1A 1M 

CHAN 2 OFF 5.000 V -156. 3mV DC OFF OFF 10:1A 1M 

EXT AC — 1:1A 1M 

MAIN MAIN TIME DELAYED DELAYED 

MODE TIME/DIV DELAY REF TIME /D IV DEIAY 

HORIZONTAL NORMAL 10.00ms/ -4 0.00ms LEFT 

TRIGGER MODE SOURCE LEVEL* HOLDOFF SLOPE COUPLG REJECT NOISEREJ 

SINGLE CH 2 4.219 V 300.0ns NEG DC OFF OFF 

DISPLAY MODE: NORMAL 
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Plot 7 
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STATE VOLTS/DIV POSITION CPLG BW LIM INV PROBE INPUT 

CHAN 1 ON SO.OmV -SO.OmV DC OFF OFF 10: 1A 1M 

CHAN 2 OFF 5.000 V -156. 3mV DC OFF OFF 1Q:1A 1M 

EXT AC 1:1A 1M 

MAIN MAIN TIME DELAYED DELATED 
MODE TIME /D IV DELAY REF TIME /D IV DELAY 
HORIZONTAL NORMAL, 10.00ms/ -40 . 00 as LEFT 

TRIGGER MODE SOURCE LEVEL. HOLD OFF SLOPE COUPLG REJECT NOISEREJ" 

SINGLE CH 2 4.219 V 300.0ns NEG DC OFF OFF 

DISPLAY MODE: NORMAL 



12ioa AL 100 / 1000 Hz 

Plot 8 

FIG. 22 
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STATE VOLTS/DIV POSITION CPLG BW LIM INV PROBE INPUT 

CHAN 1 ON 50,0mV -50.0mV DC OFF OFF 1Q:1A 1M 

CHAN 2 OFF 5.000 V -15 6. 3=lV DC OFF OFF 10:1A 1H 

EXT AC — - 1:1A 1M 

MAIN MAIN TIME DELAYED DELAYED 
MODE TIME /D IV DELAY REF TIME/DIV DELAY 
HORIZONTAL NORMAL 10. 00ms/ -40.00ms LEFT 

TRIGGER MODE SOURCE LEVEL HOLDOFF SLOPE COUPLG REJECT NOISEREJ 

SINGLE CH 2 4.219 V 300.0ns NEG DC OFF OFF 

DISPLAY MODE: NORMAL 
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200 / 2000 Hz 



Plot 9 

FIG. 23 
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STATE VOLTS /DIV POSITION CPLG HW LIM INV PROBE INPUT 

CHAN 1 ON 50.0mV -SO.OmV DC OFF OFF 10:1A 1H 

CHAN 2 OFF 5.000 V -156. 3mV DC OFF OFF 10:1A 1M 

EXT AC 1;1A 1M 

MAIN MAIN TIME DELAYED DELAYED 
MODE TIME/DIV DELAY REF TIME /DIV DELAY 
HORIZONTAL NORMAL 10.00ms/ -40.00ms LEFT 

TRIGGER MODE SOURCE - LEVEL HOLDOFF SLOPE COUPLG REJECT NOISEREJ 
SINGLE CH 2 4.219 V 300.0ns NEG DC OFF OFF 

DISPLAY MODE: NORMAL 



12mm AL 100 / 1000 Hz 

Plot 10 

FIG. 24 
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DECLARATION AND POWER OF ATTORNEY 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am an original, first and joint inventor of the subject matter which is claimed and 
for which a patent is sought on the invention entitled SELF TRIGGERED IMAGING DEVICE FOR 
IMAGING RADIATION 



the specification of which {check one): 

is attached hereto 

or 

X was filed on 26 September 2001 
as United States Application No, 09/937.483 , 

and 

X was amended on 26 September 2001 . 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment specifically referred to above, 

I acknowledge the duty to disclose information which is material to the patentability of this 
application, as defined in 37 C.F.R. §1.56, 



i hereby claim foreign priority benefits under Title 35 United States Code §1 1 9(a)-(d) of any 
foreign application(s) for patent or inventor's certificate, or §365(a) of any PCT international 
application which designated at least one country other than the United States of America, listed 
below, I have also identified below any foreign application for patent or inventor's certificate, or any 
PCT international application having a fifing date before that of the application on which priority is 
claimed. 
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Additional foreign applications are listed on an attached supplemental priority data sheet 



I hereby claim the benefit under Title 35, United States Code §120, of any United States 
applications or §365{c) of any PCT international application designating the United States of 
America listed below and, insofar as the subject matter of each of the claims of this application is 
not disclosed in those prior applications in the manner provided by the first paragraph of Titie 35, 
United States Code §112, I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, §1.56 which became available 
between the filing date of the prior application and the national or PCT international filing date of 
this application; 
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I hereby claim the benefit under Title 35, United States Code §1 1 9<e), of any United States 
provisional applications listed below : 

-Application Number Filing Date 



Registration No. J - " 

Registration No. , an<- 

Registration No. 36,394 

my attorneys, with full power of substitution and revocation, to prosecute this application and to 
transact ail business in the Patent and Trademark Office connected therewith. 

Please address all communications regarding this application to: 

David J. Zibelii 
J<E NYON & K ENYQEL 
1 500 K Street, NW, Suite 700 
Washington, DC jOOOg^ 

Direct all telephone calls to: 

David J. Zibelii 
at (202) 220-4200 




And I hereby appoint: 

Charles R, Brainard 
John C. Altmiller 



David J. Zibelii 



I hereby dedare that all statements made herein of our own knowledge are true and that afl 
statements made on information and belief are believed to be true; and further that these statements- 
were madewith the knowledge that willful false statements and the tike so made are punishable by- 
fine or imprisonment or both, under Section 1001 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 
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